The COBRA protein is found only in higher plants and algae, and has been implicated in cellulose synthesis, but its specific function remains unknown. To shed light on COBRA function we tested the ability of putative Arabidopsis COBRA orthologs to complement mutations in the COBRA gene. We expanded the previously published phylogenetic analysis and found that COBRA genes can be grouped into five clades. Representative COBRA genes from the different clades were expressed in a cobra mutant background. Surprisingly, none of the COBRA-LIKE genes was able to complement cobra, including the closest homolog which we found to bind cellulose with the same avidity as COBRA. We hypothesize that the lack of ability of the COBRA-LIKE genes to complement the cobra mutant is due to an unidentified binding interaction that is sensitive to the structure of the COBRA-LIKE proteins. However, membrane-based yeast two hybrid assays failed to identify positive interactors for COBRA. 
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The COBRA protein is found only in higher plants and algae, and has been implicated in 26 cellulose synthesis, but its specific function remains unknown. To shed light on COBRA function 27 we tested the ability of putative Arabidopsis COBRA orthologs to complement mutations in the 28 COBRA gene. We expanded the previously published phylogenetic analysis and found that 29 COBRA genes can be grouped into five clades. Representative COBRA genes from the different 30 clades were expressed in a cobra mutant background. Surprisingly, none of the COBRA-LIKE 31 genes was able to complement cobra, including the closest homolog which we found to bind 32 cellulose with the same avidity as COBRA. We hypothesize that the lack of ability of the COBRA- genes are the core genes for cellulose synthesis in primary cell walls (Beeckman et al., 2002) . 48 Several CESA genes have unique expression patterns, and were shown to be involved in 49 cellulose synthesis in a particular tissue, e.g. CESA2 in seed mucilage (Mendu et al., 2011) . 50 Along with the cellulose synthase complex, there is also a number of accessory proteins that 51 are required for normal cellulose synthesis (Persson et al., 2005) . Most of the accessory 52 proteins have unknown roles in cellulose synthesis. An exception is cellulose synthase-53 interactive protein 1 (CSI1) (Gu et al., 2010) which was found to connect the cellulose synthase 54 complexes to cortical microtubules (Li et al., 2012) . 55 One of the genes that is highly co-expressed with the cellulose synthase complex and 56 has been implicated to be involved in cellulose crystallization is COBRA (Roudier et al., 2005 whether there was any 'truncated COBRA-LIKE' grouping the shorter sequences aligned to, but 165 as none was found, they were considered as products of pseudogenes or poor annotations. 166 Sequences were aligned in the MEGA program using the MUSCLE algorithm under standard 167 conditions, and a maximum likelihood tree was constructed with 100 bootstraps. The C terminus is also conserved within the five different clades. However, there is no assigned 260 function for the C terminus. There is a short CCVS motif at the C terminus, which was suggested 261 to be involved in metal ion binding or in formation of disulfide bonds (Roudier et al., 2002) . 262 However, there is no sequence similarity that can help predict the domain function. The obvious caveat is that we were unable to test whether the COBL proteins are 
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Constitutive expression of COBRA-LIKE genes, including COBL1 which encodes a protein 297 that is 83% similar to COBRA, failed to complement the cobra phenotype in transgenic plants. 298 The inability of COBL genes to complement the cobra mutants was unexpected. The high 299 similarity in the CBM sequence across the COBRA family, together with the results shown in 300 figure 3 demonstrating that COBL1 binds cellulose as well as COBRA, suggests that the inability 301 of the COBL members to complement the cobra phenotype is probably not due to differences 302 in the ability to bind cellulose. It seems likely that the apparent functional diversity is related to 303 some sort of binding interaction that is relatively sensitive to the structure of the COBL 304 proteins. Since COBL1 binds cellulose with similar avidity as COB, we infer that the COBL 305 proteins also bind something else which exhibits structural variability. However, a two-hybrid 306 screen failed to identify candidates, suggesting that specialized screens may be necessary to 307 identify the putative COBRA interaction partners. 
